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Performance assessment generally refers to a task (problem) that requires an individual to
actively construct a response (solution), as opposed to simply recalling memorized knowledge
(Baron, 1991). Although performance assessment has been quite popular in such areas as
administration and management (Berk, 1986; Priestley, 1982), mechanical job performance
appraisal (Priestley, 1982) and teacher evaluation (Stiggins & Bridgeford, 1984), it is only recently
that performance assessment has been considered a viable approach to large scale testing of
students' academic achievement (Kim, 1992).

If performance assessment is to be an acceptable alternative to traditional multiple-choice tests,
it must be publicly accountable and professionally credible; that is, it must show sound technical
adequacy with respect to reliability, validity, and scoring procedures (American Educational
Research Association, American Psychological Associalioh, and the National Council on
Measurement in Education, 1985). Sometimes, however, these psychometric properties seem to
be difficuit to achieve with performance measures (Mehrens, 1992). An objective and reliable
scoring of pe-formance assessments requires careful and systematic training for examiners, which
can be both time-consuining and expensive. Furthermore, performance assessments often have no
evidence of validity other than face validity. Some degree of face validity may be essential for
public atceptance, but this is not sufficient as the sole indicator of validity, particularly when the
assessments are used in "high stakes" testing programs.

Questions concerning whether a test measures what it is intended to measure are answered
through assessment of construct validity. Construct validity integrates a theoretical rationale with
empirical evidence that bears on the interpretation or meaning of a measure (Messick, 1989). A
construct, itself, can be defined as a product of informed scientific imagination—an idea developed
to permit categorization and description of some directly observable behavior as representing an
entity ("construct") that is not directly observable (Crocker & Algina, 1986). Traditionally,
construct validation evidence is assembled through a series of studies including experimental,

correlational, and discriminant approaches. When the adequacy of the test as an indicator of a
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construct is of primary concern, exploratory factor analysis and internal consistency assessment are
typically conducted.

Compared to muitiple-choice tests, the construct validation of performance assessments using
constructed-response poses some additional problems. Regardless of the domain of assessment,
language abilities, in particular, are likely to significantly influence scores], because most
performance assessment requires students to demonstrate knowledge by actively constructing a
written or oral response to a problem. Unless the assessment is designed solely to measure oral or
written language skills, scores will be confounded. For example, students' written responses to
open-ended mathematical problems will be influenced not only by their understanding of
mathematics, but by their language fluency and writing abilities as well. More generally,
“constructs" and "items" (questions) are lik” sy to be confounded in performance assessment
because multiple constructs are likely to be embedded in each item. Consequently, the relevant

construct and the irrelevant method effects are entangled, and a unidimensional approach such as

exploratory factor analysis fails to provide an adequate examination of construct validity; instead, a
multidimensional analysis is required. |

Along with these concerns, another potential threat to the validity of performance assessment is
adverse impact on population subgroups. Because the response requires multiple traits, it is not

easy to just measure the target component . One of the well-documented areas is a gender

difference in performance assessment (Bennett, 1993). Several studies have found that relative to
boys, girls perform better on constructed-response than on multiple-choice items. This gender-i
related format differences can be hypothesized that girls perform better because the constructed-
response requires some.construct-irrelevant attributes in which girls are strong (i.e., writing
proficiency and verbal ability).

Research on gender difference in intellectual abilities has long been of interest to educatc;rs,
which has found that girls tend to score higher than boys on tests of language usage (spelling,
grammar) and perceptual speed (Feingold, 1992). Contemporary investigations have focused on

two aspects: (a) difference in average performanze through the meta-analytic review (Born,

4
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Bleichrodt, & Van Der Flier, 1987; Hyde & Linn, 1988) or the analysis of norms from
standardized tests (Martin & Hoover, 1987) and (b) difference in variability in intellectual abilities
(Feingold, 1992). In terms of psychometric studies on performance assessment, gender difference
in mean levels of test scores is not necessarily a test bias. This difference may accurately represent
essential distinction in group performance. Additionally, trend analyses have revealed that gender
differences in intellectual abilities among adolescents have decreased markedly over the past
generation (Feingold, 1988; Jacklin, 1989). As for performance assessment, the results of a recent
state-wide alternative assessment system using constructed-response showec that boys seemed
catch up with girls in junior high school level and score even better in high school level, even
though girls did better in elementary level, in general (M. Davison, personal communication, April,
1994). Therefore, a more fundamental issue about construct @dity is whether responses to the
same test have the ame meaning for boys and girls.

One classical approach to multidimensional analysis on construct validity is the multitrait-
mulitimethod (MTMM) matrix developed by Campbell and Fiske (1959). With this technique, not
only the constructs of interest but other dimensions of measurement (method effects) are also
explicitly considered. An MTMM matrix is a matrix of correlations among measures of multiple
traits, edch of which is assessed by multiple methods. Although the MTMM matrix is the most
widely used approach to evaluating multitrait-multimethod data, this approach has been criticized
because it is based on the observed correlations between measured variables. A more advanced
technique is the use of confirmatory factor analysis (CFA), inferring trait and method effects based
on latent variables (Marsh, 1993; Marsh & Richards, 1985; Widaman, 1985; Wothke & Browne,
1990). The logic and heuristic value of the Campbell-Fiske criteria are still applicable; the
difference is that they are applied to relationships among latent constructs, rather than measured
variables (Marsh, 1989). Furthermore, by fixing or constraining various parameters, CFA can be
used to test a variety of assumptions about the data (e.g., number of traits represented, whether

traits are correlated) by specifying different models and empi.ically comparing how well these
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alternative models fit the data. This analytic approach thus provides a much stronger basis for
analyzing multitrait-multimethod data.

The purpose of this study was to explore the utility of MTMM approaches to the investigation
of the construct validity of performance assessments, using the particular example of an
assessment of reading comprehension and writing ability. Assessment of thesc abilities using
constructed rcsiJOnse measures seemed particularly challenging. Conceptually, although both
reading and writing are linguistic abilities, comprehension of a passage of text is somewhat distinct
from the ability to communicate this understanding to others. In practice, however, scores for
comprehension and writing ability based on the same sample of writing are almost certain to be
confounded to some degree. Also, because scores from performance assessments of writing
ability have been found to vary greatly as a function of topic (e.g., Breland, Camp, Jones, Morris,
& Rock, 1987), method (question) cffccts_arc likely to be present in the data as well (i.e., scores
for different traits assessed from responses to the same question may be correlated as highly as
scores for the same trait assessed from the responses to different qu’cstions). Both of these factors
should make it difticult to assess convergent and discriminant validity from correlations based on
the measured variables. Once the MTMM structure was identified, testing for factorial invariance
over different subpopulations was imp’emented. More specifically, we investigated whether this
particular test have the same meaning for boys and girls of different grade levels.

Method
Subjects

Students participating in this research were part of a larger, longitudinal study of children's
social, ethical, and intellectual development being conducted in six school districts-three in large
cities, one in a small city and two in suburban communities. The districts are geographically
diverse: three on the West Coast, one in the South, one in the Southeast, and one in the Nofﬁlcast.
Students from four elementary schools in each of the six districts took part in the study. The
performance assessment was administered to 1,023 students (46% male, 54% female) in 5th or 6th

grades (Grade 5 = 57%. Grade 6 = 43%) near the end of the Suamnl year (V. ay).
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Assessment Instrument and Procedures

The reading comprehension assessment used a 375-word passage from "The Little Prince” (de
Saint-Exupery, 1943), with a Flesch grade level of 5.3. The passage describes the prince's
encounter with a fox, during which the fox expresses the view that humans are only interested in
hunting and raising chickens, and defines “tameness" as a unique bond between himseif and a
human being.

Students read the passage and then responded in writing to the following three questions about
its meaning, under untimed conditions: (a) What did the fox mean about being tame? (b) Why
does the fox want to be tame? (¢) Why does the fox think men are only interested in hunting and
raising chickens?

The scoring procedures were adapted from those used in the National Assessment of
Educational Progress of reading and literature (National Assessment of Educational Progress,
1984), developed by the Educational Testing Service. Two trained raters scored students' written
responses to the questions for Understanding (6 points), Complexity of Writing (5 points) , Clarity
of Thought (4 points), and Grammatical Usage and Spelling (4 points). The scorers also counted
the Number of Words written in response to each question. The final scale were created by
averaging the two raters' scores. Because the first two questions both concerned students'
understanding of the meaning of "tameness" in the passage, the first Adequacy of Understanding
score was based on the written answers to both questions 1 and 2. All other measures were scored
from the responses to each of the thréc questions. Thus, there were a total of 14 scores derived
from each student's responses to the three questions. The detailed scoring guidelines are provided
elsewhere (Developmental Studies Center, 1993).

Analysis

Interrater reliability was investigated through generalizability theory (Shavelson & Webb,
1991). Te sxamine construct validity, an exploratory factor analysis using oblique rotation was
first performed to examine preliminary factor structure. We then conducted confirmatory factor

analysis of the latent constructs using EQS (Bentler, 1989). Finally, we examined factorial
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invariance across gender and grade through subsequent hierarchical nested models wiih various

constraints.

Results

Preliminary analyses

Demonstrating that the measured variables are reliable is necessary before assessing construct
validity. Because each variable was rated by two raters, of critical importance was the extent to
which the scores of the two raters agreed (i.e., interrater agreement). Three generalizability (G)
coefficients are reported in Table 1. The first G coefficient represents the extent to which raters
rank orderad students in the same way (relative agreement). This is equivalent to the intraclass
correlation coefficient. The second G coefficient, on the other hand, represents the extent to which

students received identical scores from the two raters (absolute agreement). In terms of technical

adequacy, absolute interrater agreement coefficients of .60 and higher are considered acceptable
(Davison, 1989). Using this criterion, the level of absolute interrater agreement on every measured
variable was good to excellent (.70 - .99). This finding confirms that a performance assessment
can be reliable with careful rater-training and appropriate scoring criteria. Finally, the third G
coefficient is the reliability when both raters' scores are combined (Coefficient Alpha), which is
relevantin this investigation because we created the scale score by averaging two raters' scores.

After all, all of the measured variables used in the analyses seemed to be very reliable (.83- .99).

Insert Table 1 About Here

Conceptually. the data should represent three traits: reading comprehension, Writing Quality,
and Writing Fluency. An exploratory factor analysis of the 14 measured variables identified three
factors, as shown in Table 2. However, the factor structure did not clearly reveal the expectéd
three traits. Factor 11 does ppear to represent Writing Fluency, with all six of the scores for
Number of Words and Complexity of Writing having their highest loadings on this factor. In

Factors 1 and 111, however, method and trait effects are confounded. The scores for Clarity of
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Thought, Grammar (Grammatical Usage and Spelling) and Understanding were clustered within
different methods (questions) on these factors, with scores tor questions 1 and 2 having their

highest loadings on the first factor, and scores for question 3 having their highest loadings on the

 third.

Insert Table 2 About Here

Establishing an MTMM structure using Confirmato ctor Analysis (CFA)

MTMM analysis produces factors corresponding to the traits and methods (questions). That is,
factors defined by multiple indicators of the same trait reveal the construct validity of the trait, and
factors identified by indicators derived from the same method represent method effects. MTMM
analysis can be viewed as an application of confirmatory factor analysis with 4 priori factors
assigned to traits and methods. An "anchor model" representing three (correlated) traits and three

(correlated) method factors (corresponding to the three questions), as shown in Figure 1, was fit to

the data.

Insert Figure 1 About Here

An advantage of MTMM studies using confirmatory factor analysis is that a series of alternative
models can be tested against the anchor model. When the identified model is able to fit the data,
various parameters in the model can be constrained to generate nested models, and these alternative
models can be examined for their relative ability to fit the data. Several criteria were used to

evaluate the adequacy of anchor model, and various alternative models, as shown in Table 3.

Insert Table 3 About Here
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First, overall chi-square tests of goodness of fit, based on differences between the original and
reproduced covariance matrices, are shown. This goodness of fit test, however, is dependent on
sample size. Even a model which fits the data very well may produce a statisticall y significant chi-
square for large sample sizes (Bollen & Long, 1993), as in the present case. To overcome this
shortcoming, two alternative indices were considered.

Bentler and Bonett (1980) suggest that the goodness of fit of a particular model may be
usefully assessed using the Comparative Fit Index which has the advantage of reflecting fit
relatively well at all sample sizes. The second fit criterion has been derived on the basis of

information theory considerations by Akaike (1989). In the spirit of parsimony, Akaike argued

that when selecting a model from a large number of models, one should take into account both
statistical goodness of fit and the number of parameters that have to be estimated to achieve that
degree of fit. The Akaike information Criterion (AIC) is designed to balance these two aspects of
model fit. In general, small AICs result from models with few estimated parameters and a good fit
to the data, whereas models with many parameters to be estimated yield large AICs.

Although the chi-square for the three trait, three method anchor model was statistically
significant due to the large sample size, CFI indicated a good fit to the data, reaching .90 or higher
(Bentler, 1989). Once this anchor model is established, alternative models can be fit to the data to
test various hypotheses related to the Campbell-Fiske criteria (Campbell & Fiske, 1959). These
alternative models can be compared for goodness of fit by taking the differences in their chi-square
values and testing against the difference in the degrees of freedom (Bentler & Bonett, 1980).
Various alternative models were assessed in the present study, and their fit indices are also
summarized in Table 3.

Models 2 and 3 investigated the relative importance of method and trait factors. Model 2,
including three method factofs without traits, provided a poor fit to the data (CFI=.714). Nfode] 3,
containing three correlated trait factors without method factors, also showed a poor fit to the data
(CF1=.653). These results indicate that both trait and method effects were necessary to adequately

represent the data. The next two models therefore included both trait and method factors, but
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tested assumptions about the relationships among traits und methods. Both Modet 4, in which the
traits were assumed to be uncorrelated, and Model 5, in which the method factors were assumed to
be uncorrelated, provided poor fits to the data (Model 4: CFI1=.873; Model 5: CF1=.876). Thus,
both correlated trait factors and corr.clated method factors were necessary assumptions.

We next examined the question of whether the correlations among the trait and method factors
could be assumed to be equal. Model 6, with equal correlation of the method factors, seemed to fit
the data almost as well as the anchor model (CFI=.898). However, the difference in chi-squares
between the énchor model and Model 6 was highly significant. Model 7, representing equal
correlation of the trait factors, provided a poor fit to the data (CFI=.873).

Finally, we examined whether a model with only two, rather than three traits, Qould
adequately fit the data. Specifically, since the latent traits Adequacy of Understanding and Writing
Quality seemed to be close each other in the exploratory factor analysis (see Table 2), the
consequence of combining these two traits was examined. Although this two-trait, three methods
factor model does not have a good conceptual justification, this model provides a test of the
discriminant validity of the three trait factors. Model 8 had an acceptable fit to the data
(CFI=.899), but, again, the difference in chi-squares between it and the anchor model was highly
significant. In addition to the subsequent significant chi-square difference, the anchor model also
had the smallest AIC value among the tested models, indicating that it was the most parsimonious
model. '

To summarize, the findings indicated:

1. The three trait factors were very important, showing good convergent validity, but a
substantial portion of variance also depended on the method factors.

2. The three traits were significantly intercorrelated.

3. Elimination of any trait factors resulted in a significantly poorer fit. That is, discriminant

validity was demonstrated in these analyses.
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Invariance Constraints Acros : All Groups

The factor structure identified so far was based on data from the total sample of students. To
examine the question of whether this structure would hold across four subgroups, the three trait,
three method model was fit separately to data from boys and girls in gradé Sand 6. All four
models showed an acceptable fit to the data. These results provide a support for the anchor model
but do not explain the invariance of the parameter estimates across gender and grade. In order to
test the appropriateness of the invariance, the hierarchicai models for all four groups were also
provided. The first model is the model in which no invariance constraints are in., 'sed. This
model provides a good baseline for comparing all subsequent models that impose invariance
constraints hierarchically. According to the substantive interests and previous factorial invariance
studies (e.g., Marsh, 1994), the hierarchical tests of the equality were conducted the following

order: factor loadings for traits, factor loadings for methods, factor correlations fer traits, factor

correlations for methods, and residual variances.

Insert Table 4 About Here

Statistically significant change in chi-square, increment of the number of statistically significant
constraints, CFl, and AIC indicated similar patterns. That is, lack of invariance was detected in
factor loadings for traits and methods, and some parts of factor correlations (methods), and,
especially, residual variances (significant chi-square change, large increment of the number of
significant constraints, subsequently sharp decrease in CFI, and relatively large AIC). On the
other hand, invariance of factor correlations for traits was rather supported. Because the
hierarchical tests indicated lack of invariance in the set of parameters without pinpointing the
particular estimate, it was necessary to examine the source of lack of invariance in the factor .'
structure.

In Tables 5 to 8, detailed description of the factor structure was provided with parameter

estimates in the starting model (no invariance constrains). ‘There were also tests of equality
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constraints in each parameter so that we could identity any lack of invariance across four groups.
In Table 5, trait factor loadings were reasonable and positive. Some part of equality constraints
seemed to be inappropriate in Writing Quality and Writing Fluency. On the other hand, invariance
of factor loadings of Adequacy of Understudying across four groups was supported. In method
factor loadings, several estimates of each method showed lack of invariance across four groups
(Table 6). In Table 7, the trait factor correlations between Writing Qualiry and Writing Fluency
were problematic when the parameters were imposed to be invariant. As indicated above (see
Table 4), there was a lack of invariance in all method factor correlations. Lastly, in Table §, most

components of the residual variances showed a lack of invariance.

Insert Tables 5 to § About Here

Invariance Across Gra ithin Each Gender Across Gender Within Each Grade

As Marsh (1994) showed the possibilities of testing the effects of gender, age, and interaction
on the structure of academic self-concept, we tried to disentangle the similar effects on the MTMM
structure in order to examine the factorial invariance as a function of gender, grade, and their joint
effect. In Table 9, the first set of hierarchical models (grade S across gender) were the analyses to
impose invariance over gender (boys and girls) in grade S5, and the second set of models (grade 6
across gender) impose invariance across gender in grade 6. In other words, invariance constraints
over gender (boys and girls) were imposed in separate analyses of grade 5 and grade 6, and ,then,
the chi-square and df from these separate analyses were summed for total models (the third set of
models: across gender within grade). The results showed a similar pattern of lack of invariance
(fuctor loadings and residual variances) in the previous four-group analyses (see Table 4).
However, for sixth graders, invariance in method factor loadings and factor correlations (traits and
methods) across gender seemed to be acceptable (insignificant chi-square change, stible CFl, and
smaller AIC). This six-grade-model with both factor loadings and factor correlations invariant

across gender was still able to fit to the data (CFI=.90). In the total models (across gender within
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grade), only trait- and method- factor correlations seemed to be invariant (insignificant chi-square

change).

Insert Table 9 About Here

In table 10, we also imposed invariance constraints over grade levels in separate analyses of
boys and girls, and then summed the chi-square é.nd df from these separate analyses for total
models (the third set of models: across grade within gender). For girls, invariance in method
factor loadings and trait- and method-factor correlations could be properly imposed. In total
models (across grade within gender), factor correlations (both trait and method) seemed to be

invariant.

Insert Table 10 About Here

Summary of Effects of Grade, Gender, and Their Interaction on the MTMM Structure

The detailed analyses of various sets of hierarchical models indicated that only some portion of
the MTMM structure was invariant across gender and grade. There was also a joint effect of
gender and grade on invariance of MTMM structure. To sum up, the results suggested:

1. Trait facto, loadings showed a lack of invariance across gender and grade. The lack of fit
was due to the inappropriateness of equality constraints across groups in the measured variables of
Writing Quality and Writing Fluency.

2. Invariance of method factor loadings was influenced by joint effects of gender and grade.
The invariance for sixth graders across gender, not for fifth graders, was supported. Also, the
equality contra tints across grade for girls seemed to be appropriate, but not for boys.

3. Factor correlations for traits seemed to be invariant across gender and ‘grade. Yet, invariance
of factor correlations for methods were weakly supported.

4. There was a lack of invariance of residual variances due to gender and grade level.
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The finding of a joint effect of gender and grade on the factorial invariance could be illustrated
as the summary statistics2 in Table 11. The first three columns in Table 11 come from the
previous tables, such as total four-group (Table 4), total gender within grade (Table 9), and total
grade within gcndcf (Tabie 10). The xz and df{ values in "Gender" column are the differences
between values the first column (Four Groups) and the third column (Grade-Within-Gender).
Likewise, the 7(2 and df( values in "Grade" column are the differences between values the first
column (Four Groups) and the second column (Gender-Within-Grade). Values pertinent to
“interaction" were determined by substrating values in the fourth (Gender) and fifth (Grade)
columns from the first column (Four Groups). According to this overview, there were simple
main effects of gender and grade in tr+ * factor loadings and method factor correlations. A joint

effect of gender and grade was found in method factor loadings and residual variances.

Insert Table 11 About Here

.General Discussion

This investigation examined the reliability and construct validity of a performance measure of
reading comprehension and writing ability. The application of analytical scoring criteria to
students’ written responses to questions about their understanding of a passage of text by multiple
raters yielded 14 scores that were found to be very reliable. Analysis of these scores revealed three
trait factors which were significantly correlated (Writing Quality, Writing Fluency, and Adequacy
of Understanding), as well as strong method (question) effects. Although significantly
intercorrelated (particularly Writing Quality and Adequacy of Understanding), the three traits
demonstrated both convergent and discriminant validity. This three-trait three-method model was
found to fit the data for boys and girls, and for fifth and sixth grade students well, scparatcl)},
although the factorial invariance across gender and grade was not fully supported.

Most interestingly, in the traits factors, factor correlations seemed to be stable while factor

loadings showed a lack of invariance across gender, due not to Adequacy of Understanding but to

15
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the measured variables of writing components in the assessment (Writing Quality and Writing
Fluency). This finding was somewhat corresponding to the notion of gender stereotypic model.
That is. girls perform better on constructed-response because of some attributes in which girls are
strong (i.e., writing proficiency). A detailed inspection of the estimates in the factor structure as a
function of gender and grade is beyond the scope of this study and requires another systematic
sample and defensible theoretical backgrounds. It, however, would be a worthy candidate for
future research.

As shown previously, scores from performance assessments using constructed responses are
likely to be question-specific or content-specific. In many cases, such as the present instance, a
simple exploratory analysis is unable to disentangle the trait and method effects, and therefore
cannot adequately reveal the complex structure of the data. MTMM analysis is an effective tool for
investigating the construct validity of this sort of multidimensional measure. Through CFA,
MTMM analysis has some advantages over the traditional MTMM matrix using correlatons, such
as (a) examining the reiationship between important traits in school learning explicitly; (b
investigating the parameters as well as the measured variables; (c) evaluating alternative models in
terms of constraining the relationships between variables; (d) removing method effects from
estimates of traits.

In general, every measure can be considered to be a construct-method unit (Messick, 1993).
Method variance includes all systematic effects associated with a particular measurement procedure
that are extraneous to the focal construct being measured. The validity study, under MTMM
analysis, is a systematic inquiry on construct-irrelevant variance and construct underreprsentation
(Bennett, 1993; Messick, 1989). With an explicit construct network, one can differentiate the traits
(construct-relevant variance) from the method effects (construct-irrelevant variance). The
distinction between construct relevancy and irrelevancy is not absolute, but depends, to somé
degree, on the construct network in the particular context. The questions are considered construct-

irrelevant (method) factors in the present example, but they could be considered part of a construct-

6
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relevant factor, if one assumed that the answer to a particular question required some unique
instructionally relevant prior kn_owlcdgc.

Throughout this investigation, we do recognize the exploratory nature of the analyses and also
note several limitations of interpretations. First, there was a hierarchical structure in the data (Bryk
& Raudenbush, 1992). Students were within the schools which belong to different districts. The
multilevel covariance structure analysis cannot be implemented by the current stanadard programs
such as LISREL or EQS so that these "design effects" were not properly specified. Second, a
possibility of multiplicative models for the current MTMM structure was not explored (Cudeck,
1988), because, as asserted by Marsh (1995), we wanted to focus on the trait and method
components associated with this hypothesized trait-method combination in performance
assessment, and, ultimately, on the interpretation and improvement instruments.

This study is a preliminary step toward broadening and balancing the use of psychometric
approaches in performance assessment. The scope of validity in any educational assessment
extends to represent the meaningful construct network, and irrelevant effects are revealed more
systematically. To maximize the utility of this dynamic approach to assessment, inclusive and
complementary construct validation is needed. Research into ways of doing this will encompass

psychometrics as well as substantial theoretical backgrounds in psychology and education.
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Footnotes
10f course, reading ability influence scores on multiple-choice tests as well, but scores from
performance assessments are influenced by expressive language abilities in addition to reading
ability.
2Marsh (1994) provided an excellent description of a way to construct a summary statistics

table. He also rointed out the potential problems and limitations of this approach.
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Figure Caption
Figure 1. An anchor model (three correlated traits and three correlated methods) of MTMM

structure using confirmatory factor analysis.
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Table 2

Exploratory Factor Analysis: Oblique Factor Model

Measured Variables Factor 1 Factor IT Factor 111
Q1 Clarity of Thought .802 -.085 .076
Q2 Clarity of Thdught 725 -.054 116
Q1 Grammar .558 054 .141
Q2 Grammar 300 .196 .285
Understanding (Q1 and Q2) .£90 .082 .070
Q2 No. of Words .070 807 -.019
Q2 Complexity of Writing .089 791 -.072
Q3 No. of Words -.179 71 .309
Q3 Complexity of Writing -.219 723 314
Q1 No. of Words 404 642 -.197
Q1 Complexity of Writing 491 566 -.244
Q3 Clarity of Thought 211 -.081 .802
Understanding (Q3) 161 .028 779
Q3 Grammar 074 219 .550
Factor pattern correlations
Factor I 1.000
Factor I1 358 1.000
Factor 11 252 284 1.000
Eigen Values
5.429 1.632 1.400
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Table 9

Summary of Goodness of Fit for Invariance Constraints Across Gender within Grade

Model AIC x2 4t CFl x2d4  dfg  AofSig.

Constraints

Grade 5 Across Gender

No Equality Constraints 24897 472.87 112 0.905

Constraints FL (T) 253.84  505.84 126 0900 3297° 14 3
Constraints FL (T,M) 27825 56025 141 0.889 3441 15 5
Constraints FI. (T,M), FC (T) 27723 56523 144 0889 498 3 0
Constraints FL (T.M), FC (T\M) 27937 57337 147 0.888 8.14* 3 2
Constraints FL, FC, R 33405 656.05 161 0.870 82.68" 14 7

Grade 6 Across Gender

No Equality Constraints 156.49 38049 112 0.905
Constraints FL (T) 15438 40638 126 0.901 2589+ 14 1
Constraints FL (T,M) 141.88 423.88 141 0900 17.50 15 1
Constraints FL (T, M), FC (T) 139.54 42754 144 0900 3.66 5 0
Constraints FL (T,M), FEC(T,M)  135.80 426.80 147 0900 2.26 3 0
Constraints FL, FC, R 131.96  453.96 161 0.897 24.16+ 14 2

Total {Gender-Within-Grade)

No Equality Constraints 853.36 224

Constraints FL (T) 912.22 252 58.86° 28
Constraints FL (T,M) 984.13 282 71.91% 30
Constraints FL (T, M), FC (T) 992.77 288 8.64 - 6
Constraints FL (T,M), FC (T, M) 1003.17 294 10.40 6
Constraints FL, FC,R 1110.01 322 106.84" 28

Notes. FL=factor loadings, FC=factor correlation, R=Residual, T=Trait, M=Method; AIC=Akaike
Information Criterion; CFI:Comparativc'Fit Index; %24 and dfd indicate subscquent difference in x2 and
df from less constraints to morc constraints in the model.

+p<05. ¥ p<Ol.
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Table 10

Summary of Goodness of Fit for Invariance Constraints Across Grade within Gender
Model AIC x2 df CFl1 xzd dfg A of Sig.
Constraints
Female Across Grade
No Equality Constraints 25136 47536 112 903
Constraints FL (T) 25146 503.46 126 899 28.10% 14 1
Constraints FL (T,M) 233.64 51564 141 899 1218 15 0
Constraints FL (T,M), FC (T) 234.99 522.99 144 898 7.35 3 1
Constraints FL (T,M), FC (T, M)  234.01  528.01 147 .898 5.02 3 1
Constraints FL, FC, R 23193 55393 161 .895 2592+ 14 1
Male Across Grade
No Equality Constraints 154.01  378.00 112 .908
Constraints FL (T) 217.73  469.73 126 881 91.73° 14 2
Constraints FL (T,M) 222773 50473 141 874 3500 15 3
Constraints FL (T,M), FC (T) 218.48 50648 144  .875 1.75 3 0
Constraints FL (T,M), FC (T,M)  216.99 51099 147 874 4.51 3 0
Constraints FL, FC, R 233.97 55597 161 .864 4498" 14 6
Total (Grade-Within-Gender)
No Equality Constraints 853.36 224
Constraints FL (T) 973.19 252 119.83* 28
Constraints FL (T,M) i020.37 282 47.18% 30
Constraints FL (T,M), FC (T) 1029.47 288 9.10 6
Constraints FL (T M), FC: (T, M) 1039.00 294 9.53 6
Constraints FL, FC, R 1109.90 322 7090% 28

Notes. FL=factor loadings, FC=factor corrclation, R=Residual, T=Trait, M=Mcthod; AIC=Akaike

Information Criterion; CFl=Comparative Fit Index; %24 and dfq indicate subsequent difference in %2 and

df from lcss constraints to more constraints in the model.

+ <05 ¥ p<0l.
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Performance Assessment

Abstract
This study investigated construct validity and factorial invariance of a performance assessment of
reading comprehension and writing proficiency, through a multitrait-multimethod structure, using
confirmatory factor analysis technique. First, interrater reliability was examined for each rr}casurcd
variable using three different generalizability coefficients. Although all of the measures were found
to be hjghly reliable, exploratory factor analysis indicatcd that trait and method effects were
confounded in the measured variables. Consequently, confirmatory factor analysis was used to
disentangle multidimensionality and examine the convergent and discriminant validity of the latent
variables according to the Campbell-Fiske criteria. These analyses indicated that a model with
three correlated trait factors and three correlated method factors (MTMM structure) provided the
best fit to the data. Finally, a factorial invariance across gender and grade was examined. While
this MTMM factor structure was fitted to the data in each subgroup (fifth grade boys, fifth giade
girls, sixth grade boys, and sixth grade girls), the factorial in*'ariance across gender and grade was
‘supported only in a particular set of parameters. Methodological and practical implications of the

us~ of confirmatory factor analysis in multitrait-multimethod analyses are also discussed for

construct validation in performance assessment across different groups .
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